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Introduction
High resolution observations of the solar surface have shed new light upon the complex interactions between photospheric magnetic fields and the surrounding granular convection. In the quiet Sun, magnetic flux is confined primarily to the intergranular lanes (Lin & Rimmele 1999) , where it forms localised (often "point-like") magnetic structures. Since typical magnetic field strengths in these regions can often exceed a kilogauss, the magnetic energy density of these localised flux concentrations greatly exceeds estimates of the kinetic energy density of the surrounding granular convection. Numerical simulations can help us to address the question of whether or not convective motions alone can amplify magnetic fields to these observed super-equipartition field strengths. In order to make detailed comparisons between numerical simulations and photospheric observations, it is necessary to include complex physical effects such as radiative transfer (Grossmann-Doerth, Schüssler & Steiner 1998; Vögler et al. 2005; Stein & Nordlund 2006 ). An alternative approach is to consider more idealised models of photospheric magnetoconvection (see, e.g., Weiss, Proctor & Brownjohn 2002; Bushby & Houghton 2005) , which focus entirely upon the interactions between convection and magnetic fields and lend themselves more easily to surveys of parameter space. In this paper, we adopt an idealised model of this type in order to study magnetic field intensification in the quiet Sun. 
Model
We solve the equations of compressible magnetoconvection in a horizontally-periodic, three-dimensional (4 × 4 × 1) Cartesian domain. High resolution calculations enable us to resolve features at high magnetic Reynolds numbers -the computational grid has 256 points in each horizontal direction and 160 points vertically. Full details of the basic model set up (including the non-dimensionalised equations, parameter definitions and boundary conditions) can be found in Bushby & Houghton (2005) . In this calculation, we consider convection in a highly stratified (m = 1) polytropic layer, in which the temperature and density vary by an order of magnitude across the layer. The Prandtl number is fixed at unity, and we consider convection at high Rayleigh number (R = 4.0 × 10 5 ). In order to investigate the effects of varying the magnetic Reynolds (R m ) number, we have carried out a series of calculations for different values of the magnetic diffusivity (paper in preparation). However, in this paper, we restrict attention to a single diffusivity value which, using the definitions given in Bushby & Houghton (2005) , corresponds to a magnetic to thermal diffusivity ratio of ζ = 0.2 (and a value of R m = 120).
Results
The initial state for this calculation is a snapshot of fully evolved (non-magnetic) granular convection (see figure 1) . We insert a weak, uniform, vertical magnetic field into this convective state -the strength of this field is chosen so that the initial magnetic energy is 0.1% of the initial kinetic energy. As expected, magnetic flux is expelled from the convective upflows and forms localised structures in the narrow downflows at the edges of the granular pattern (see figure 1 ). As these flux concentrations form, the magnetic field becomes dynamically significant, and the high magnetic pressure forces these regions (as they form) to become partially evacuated. Due to magnetic flux conservation, this process of partial evacuation allows the flux concentrations in these magnetic regions to intensify to super-equipartition field strengths. For the high R m solution shown in figure 1 , the peak magnetic energy density is almost a factor of three larger than the peak kinetic energy density of the surrounding granular convection -large values of R m lead to stronger fields. Once these magnetic flux features have formed, the sum of the The pressure distribution at the upper surface along a horizontal cut through the strongest magnetic feature. The solid line shows the gas pressure distribution, whilst the dashed line shows the magnetic pressure. The dotted line shows the (so called) "dynamical pressure" = ρ(u 2 + v 2 ), which is playing a crucial role in the dynamics.
gas pressure plus the magnetic pressure within the magnetic regions typically exceeds the gas pressure of the non-magnetic surroundings (as illustrated figure 2 ). The so called dynamical pressure (due to the momentum transport of the surrounding convection) is playing a crucial role in confining these magnetic features to localised regions.
Discussion
In these (relatively high R m ) simulations, super-equipartition magnetic features arise naturally as a result of the interaction between convection and magnetic fields. These super-equipartition features are always associated with partially-evacuated regions. Idealised models of this process (the so called "convective collapse" instability -see, e.g. Spruit & Zweibel 1979) assume that the magnetic feature can be modelled as a thin flux tube that is always in total pressure balance (gas pressure plus magnetic pressure) with its surroundings. This simulation has highlighted the dynamical role played by the ambient convection, with the dynamical pressure playing a key role in confining these super-equipartition magnetic features to localised regions.
